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DETAILED ACTION 



Claim Rejections - 35 USC § 112 



1 . The following is a quotation of the first paragraph of 35 U.S.C. 1 12: 

The specification shall contain a written description of the invention, and of the manner and process of making 
and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the art to which it 
pertains, or with which it is most nearly connected, to make and use the same and shall set forth the best mode 
contemplated by the inventor of carrying out his invention. 

2. Claims 35, and 36 are rejected under 35 U.S.C. 1 12, first paragraph, as failing to comply 
with the written description requirement. The claim(s) contains subject matter which was not 
described in the specification in such a way as to reasonably convey to one skilled in the relevant 
art that the inventor(s), at the time the application was filed, had possession of the claimed 
invention. 

With regard to claims 35 and 36, it is not clear where in the originally filed specification 
where support for "doping the first and second physically separated sidewall spacers with two 
angled implants of opposite conductivity type," can be found. The specification only provides 
support for angled implantation before first and second sidewall spacers are physically separated 
from each other. 



Claim Rejections - 35 USC §103 



3. 



The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 



obviousness rejections set forth in this Office action: 



(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
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having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

4. Claims 1 - 2, 4, 5, 7 - 12, 14, 16 - 25, and 34 are rejected under 35 U.S.C 103(a) as 
being unpatentable over Adkisson et al. (USPAT 6472258, Adkisson) in view of Fried et al. 
(USPUB 2003/01 13970, Fried). 

With regard to claim 1, Adkisson discloses in figures 1 - 5 a method of forming a vertical 
double gate semiconductor device. Adkisson discloses in figure 1 providing a semiconductor 
substrate (10). Adkisson discloses in figure 1 providing a first insulating layer (12) over the 
semiconductor substrate. Adkisson discloses in figure 1 providing a first semiconductor layer 
(14) over the first insulating layer. Adkisson discloses in figures 1 and 2, and column 3, lines 3 - 
37 removing portions of a first semiconductor layer to form the semiconductor structure having a 
first sidewall (left side of the middle Si region) and a second sidewall (right side of the middle Si 
region), wherein the first sidewall is opposite the second sidewall. Adkisson discloses in figure 2 
forming a second insulating layer (gate oxide) adjacent the first sidewall and the second sidewall. 
Adkisson discloses in figure 2 and column 3, lines 41-48 providing a second semiconductor 
layer (20) over and adjacent the semiconductor structure, the second semiconductor layer being 
elevated in an area overlying the semiconductor structure (not shown: after deposition and before 
the polishing and recessing steps) and having a non-horizontal surface adjoining the 
semiconductor structure (vertical surfaces of gate polysilicon sandwiching the gate oxide with 
the semiconductor structure). Adkisson discloses in figure 2 and column 3, lines 41-48 
wherein the second semiconductor layer is conductive. Adkisson does not teach implanting the 
second semiconductor layer in a first area adjacent the semiconductor structure with a first 
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species and implanting the second semiconductor layer in a second area with a second species. 
Fried teaches in figure 2b, figure 3b, and paragraph 0031 performing a first directional implant 
(20) of a first conductivity type (n-type) of a second semiconductor layer (18) from a first 
predetermined direction. Fried further teaches in figure 3b and paragraph 003 1 performing a 
second directional implant (22) of a second conductivity type (p-type) opposite the first 
conductivity type of the second semiconductor layer from a second predetermined direction. It 
would have been obvious to one of ordinary skill in the art at the time of the present invention to 
use the double doping process of Fried in the method of Adkisson in order to make the second 
semiconductor layer conductive and shift the threshold voltage of the device to be compatible 
with current state of the art CMOS technology as stated by Fried in paragraph 0007. It is further 
obvious that the implanting step of Fried must be accomplished before the polishing and 
recessing steps of Adkisson in order to dope gate electrodes without counterdoping. Adkisson 
discloses in figure 3, figure 3a, figure 5, figure 5a, column 3, line 61 - column 4, line 24, and 
column 4, line 65 - column 5, line 12 forming a conductive layer (42 and 50) over the 
semiconductor structure and the second insulating layer. Adkisson discloses in figure 2 and 
column 3, lines 40 - 49 removing a portion of the second semiconductor layer to physically 
separate a first gate region (the region to the right of the first semiconductor) and a second gate 
region (the region to the left of the first semiconductor). Adkisson discloses in figure 3, figure 
3a, figure 5, figure 5a, column 3, line 61 - column 4, line 24, and column 4, line 65 - column 5, 
line 12 removing a portion of the conductive layer. Adkisson discloses in figure 2 wherein the 
first gate region is adjacent the first sidewall of the semiconductor structure, and it would have 
been further obvious in view of Fried that the first gate region would have the first conductivity 
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type. Adkisson discloses in figure 2 wherein the second gate region is adjacent the second 
sidewall of the semiconductor structure, and it would have been further obvious in view of Fried 
that the second gate region would have the second conductivity type. It should be noted that the 
claim limitation "the semiconductor structure preventing migration of doping species between 
the first gate region and the second gate region" is an intended use recitation that is met by the 
method of Adkisson and Field. 

With regard to claim 2, Adkisson discloses in figure 2 and column 3, lines30 - 36 
wherein the semiconductor structure is a channel region of the vertical double gate 
semiconductor device. 

With regard to claim 4, Adkisson discloses in figure 2 and column 3, lines 40 - 49 
wherein removing the portions of the second semiconductor layer comprises planarizing the 
conductive layer. Adkisson discloses in figure 5, and column 4, line 65 - column 5, line 12 
wherein removing the portions of the conductive layer comprises planarizing the conductive 
layer. 

With regard to claim 5, Adkisson discloses in figure 3a further comprising forming a first 
current electrode region (right end of first semiconductor layer as seen in the shape resembling 
an "H") and a second current electrode region (left end of first semiconductor layer)in the 
semiconductor substrate to implement the vertical double gate semiconductor device as a 
transistor. 

With regard to claim 7, Fried teaches in figure 3b and paragraph 003 1 each of the first 
directional implant and the second directional implant is performed by ion implantation at 
symmetric opposing angles relative to a top surface of the semiconductor substrate. 
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With regard to claim 8, Fried teaches in paragraph 0032 further comprising annealing the 
first gate region and the second gate region after the first directional implant and the second 
directional implant. 

With regard to claim 9, Adkisson teaches in figure 2 and column 3, lines 41-49 
removing a portion of the conductive layer. It is not clear if Adkisson and Fried teach wherein 
removing a portion of the conductive layer is performed after performing the first directional 
implant. It would have been obvious in the method of Adkisson and Fried that the conductive 
layer would be removed only after performing the first directional implant because the second 
semiconductor of Adkisson is only referred to as gate material. An intrinsically deposited 
polysilicon would not be sufficient to act as a gate material of the device in Adkisson, and 
therefore must be made conductive by implanting and doping through the method of Fried. 
Therefore, in the method of Adkisson and Fried, the conductive layer would not be formed until 
after the implantation steps are performed to make the gate material conductive. 

With regard to claim 10, Adkisson discloses in figure 3 and column 4, lines 14-17 
further comprising electrically coupling the first gate region and the second gate region (before 
etching to form spacers, the gate regions are coupled). 

With regard to claim 1 1, Adkisson discloses in figure 3, figure 3a, figure 5, figure 5a, 
column 3, line 61 - column 4, line 24, and column 4, line 65 - column 5, line 12 further 
comprising forming a metal layer as the conductive layer. 

With regard to claim 12, Adkisson discloses in figure 5, and column 4, lines 14-23 
wherein forming the conductive layer comprises forming a silicon layer (layer of polysilicon in 
column 4, lines 20-21) over the first electrode region, the second electrode region, and the 
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semiconductor structure. Adkisson discloses in figure 5, and column 4, lines 14 - 23 forming a 
first metal layer (silicide of column 4, line 14) over the silicon layer. Adkisson does not teach 
heating the semiconductor substrate so that the silicon layer and the first metal layer form a 
silicide. Salicide processing is a well known technique to form silicide layers. Fried teaches in 
figures 3b, figure 4b, and paragraph 0032 a salicide technique for forming silicide layers. Fried 
teaches in figures 3b, figure 4b, and paragraph 0032 wherein forming the forming a first metal 
layer over a silicon layer (28). Fried teaches in figures 3b, figure 4b, and paragraph 0032 heating 
the semiconductor substrate (10b) so that the silicon layer and the first metal layer form a 
silicide. It would have been obvious to one of ordinary skill in the art at the time of the present 
invention to use the salicide process of Fried in the method of forming a silicide of Adkisson in 
order to create a contact that has no abrupt electrical barrier between it and the electrode. Such a 
contact provides superior electrical connection as is well known in the art. 

With regard to claim 13, Adkisson discloses in figure 3, figure 3b, and column 4, lines 16 
- 17 removing a portion of the conductive layer to form a first contact for the first electrode 
region and a second contact for the second electrode region, wherein the first contact and the 
second contact are electrically isolated from each other. 

With regard to claim 14, Adkisson discloses in figures 5 and 5a and column 4, lines 65 - 
column 5, line 12 wherein removing a portion of the conductive layer comprises planarizing 
(damascene and conventional contacts) the conductive layer. 

With regard to claim 16, Adkisson discloses in figure 3, and column 4, lines 20 - 24 
wherein the metal layer further comprises a stack of metal layers (42 and 50). 
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With regard to claim 17, Adkisson discloses in figures 1 - 5 a method of forming a 
vertical double gate semiconductor device. Adkisson discloses in figure 1 providing a 
semiconductor substrate (10). Adkisson discloses in figure 1 forming a first insulating layer (12) 
over the semiconductor substrate. Adkisson discloses in figure 1 forming a first semiconductor 
layer (14) on the first insulating layer. Adkisson discloses in figures 1 and 2 etching portions of 
the first semiconductor layer to form a semiconductor structure (Si) having a first sidewall and a 
second sidewall, wherein the first sidewall is opposite the second sidewall in a first direction. 
Adkisson discloses in figures 1 - 3a and column 2, lines 48 - 57 forming a source region and a 
drain region in the semiconductor substrate in a second direction, wherein the first direction is 
substantially perpendicular the second direction. Adkisson discloses in figure 2 forming a 
second insulating layer on the first sidewall and the second sidewall. Adkisson discloses in figure 
2 and column 3, lines 40 - 49 forming a second semiconductor layer (20) over and adjacent the 
semiconductor structure and the second insulating layer. Adkisson discloses in figure 2 and 
column 3, lines 41-49 wherein the second semiconductor layer comprises (before polishing and 
recessing steps disclosed in figure 3, lines 41 - 42) a first semiconductor portion which is 
adjacent the first sidewall and having a first non-horizontal (vertical) surface, a second 
semiconductor portion (not shown, before polishing) which is over the semiconductor structure, 
and a third semiconductor portion which is adjacent the second sidewall and having a second 
non-horizontal (vertical) surface. Adkisson discloses in figure 2, and column 3, lines 40 - 49 
that the gate polysilicon is conductive in order for the device to be capable of working as a 
semiconductor device. Adkisson does not teach doping by an angular implant the first 
semiconductor portion and the third semiconductor portion. Fried discloses in figure 3b, and 
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paragraph 003 1 doping (20) a first semiconductor portion (24) with a first species and doping 
(22) a third semiconductor portion(26) with a second species opposite the first species. It would 
have been obvious to one of ordinary skill in the art at the time of the present invention to use the 
doping of Fried in the method of Adkisson in order to make the second semiconductor layer 
conductive and shift the threshold voltage of the device to be compatible with current state of the 
art CMOS technology as stated by Fried in paragraph 0007. Adkisson discloses in figure 2, and 
column 3, lines 40 - 49 removing the second semiconductor portion. It would have been further 
obvious in the method of Adkisson and Fried the removing the second semiconductor portion 
would be subsequent to forming the first and second semiconductor portions because the third 
portion is needed in the formation of the first and second portions and the removal will serve to 
physically separate the first semiconductor portion and the third semiconductor portion via the 
semiconductor structure to substantially eliminate migration of doping species between the first 
semiconductor portion and the third semiconductor portion, the semiconductor structure 
comprising differing material composition than the first semiconductor portion and the third 
semiconductor portion at all adjoining surfaces. 

With regard to claim 18, Adkisson discloses in column 3, lines 37 - 40 wherein the 
second insulating layer is deposited conformally (deposited). 

With regard to claim 19, Fried teaches in paragraph 0032 further comprising annealing 
the second semiconductor layer. 

With regard to claim 20, Adkisson teaches in figure 2 and column 3, lines 41-49 
removing the second semiconductor portion. It is not clear if Adkisson and Fried teach wherein 
removing the second semiconductor portion is performed after doping the second semiconductor 
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layer. It would have been obvious in the method of Adkisson and Fried that the second 
semiconductor portion would be removed only after the annealing because the second 
semiconductor of Adkisson is only referred to as gate material. The deposited polysilicon of 
Fried would not be sufficient to act as a gate material of the device in Adkisson until the layer is 
conductive enough to be a gate polysilicon. Therefore, the gate polysilicon must be annealed in 
the method of Adkisson and Fried before removal of the second semiconductor portion because 
the annealing is part of forming the gate polysilicon. 

With regard to claim 21, Adkisson discloses in column 3, lines 40 - 49 wherein removing 
the second portion is performed by planarization (polished). 

With regard to claim 22, Fried teaches in figure 3b and paragraph 0031 wherein doping 
the first semiconductor portion and the third semiconductor portion further comprises doping the 
first semiconductor portion with a first species and doping the third semiconductor portion with a 
second species, wherein the first species and the second species are different in conductivity. 

With regard to claim 23, Fried teaches in figure 3b and paragraph 0031 wherein doping 
the first semiconductor portion and the third semiconductor portion is performed by ion 
implanting species at an angle relative to a top surface of the semiconductor substrate. 

With regard to claim 24, Fried teaches in figure 3b and paragraph 003 1 wherein doping 
the first semiconductor portion and the third semiconductor portion further includes forming a 
patterned layer (14) over the semiconductor substrate. 

With regard to claim 25, Adkisson discloses in figures 1 and 2; and column 3, lines 20 - 
30 wherein etching portions of the first semiconductor layer to form the semiconductor structure 
further comprises: forming a third insulating layer (thin oxide) over the first semiconductor 
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layer; forming a nitride layer (SiN) over the third insulating layer; patterning the nitride layer and 
the third insulating layer; and etching the first semiconductor layer using the nitride layer and the 
third insulating layer as a mask. 

The rejection of claim 34 is similar to the rejection of claims 1 and 17 above using 
Adkisson in view of Fried. 

5. Claim 15 is rejected under 35 U.S.C. 103(a) as being unpatentable over Adkisson and 
Fried as applied to claims 1 and 1 1 above, and further in view of Forbes et al. (USPAT 6414356, 
Forbes). 

With regard to claim 15, Adkisson discloses in figures 2-3 forming first and second gate 
regions before forming the metal. Adkisson does not teach further comprising annealing the first 
gate region and the second gate region before forming the metal. Forbes teaches in figure 4L, 
figure 4M, figure 5a, column 12, lines 29 - 55, and column 13, lines 16 - 61 annealing a first 
gate region (463a) and a second electrode region (463b) before forming a metal (560). It would 
have been obvious to one of ordinary skill in the art at the time of the present invention to use the 
annealing of Forbes in the method of Adkisson and Fried in order to activate dopant species in 
the gate layer as stated by Forbes in column 12, lines 35-55. 

Response to Arguments 



6. Applicant's arguments filed June 9, 2004 have been fully considered but they are not 
persuasive. 
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7. With regard to applicant's argument that "even if the gate poly silicon of Adkisson et al. is 
angle implanted, due to the horizontal surfaces of the gate polysilicon adjacent the silicon 
channel the gate will be counterdoped and subject to the noted prior art performance issues," it 
should be noted that the angled implant of Adkisson and Fried would be performed before the 
polishing step of Adkisson. Only before this polishing step are there vertical surfaces above the 
semiconductor structure to mask parts of the respective angled implants as required by the 
combination. Therefore, applicant's arguments are not persuasive, and the rejection is proper. 

8. With regard to applicant's arguments that "there is absolutely no suggestion by Adkisson 
et al. to dope the gate," it should be noted that the motivation to dope the gate is found in Fried. 
Applicant has not stated why the motivation (i.e. "in order to make the second semiconductor 
layer conductive and shift the threshold voltage of the device to be compatible with current state 
of the art CMOS technology as stated by Fried in paragraph 0007") provided by Fried, fails. 
Therefore, applicant's arguments are not persuasive, and the rejection is proper. 

9. In response to applicant's arguments against the references individually, one cannot show 
nonobviousness by attacking references individually where the rejections are based on 
combinations of references. See In re Keller, 642 F.2d 413, 208 USPQ 871 (CCPA 1981); In re 
Merck & Co., 800 F.2d 1091, 231 USPQ 375 (Fed. Cir. 1986). 



Application/Control Number: 1 0/074,732 Page 1 3 

Art Unit: 2815 

Conclusion 



Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Paul E Brock II whose telephone number is (571) 272-1723. The 
examiner can normally be reached on 8:30 AM - 5:30 PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Tom Thomas can be reached on (571) 272-1664. The fax phone number for the 
organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 



Paul E Brock H 




